Autophagy promotes invasion of hepatocarcinoma cells through transforming growth factor (TGF)-β-dependent epithelial-mesenchymal transition (EMT). This - Autophagy has been shown to promote invasion of cancer cells during starvation or hypoxia. 5, 6 We reported that autophagy accelerated invasion of hepatocarcinoma cells by inducing epithelial-mesenchymal transition (EMT), which changed the cell phenotype from epithelial into mesenchymal under starvation conditions. 7 Transforming growth factor (TGF)-β is a key cytokine that induces EMT in many types of epithelial cells. 8, 9 In our previous study, we showed that TGF-β1 expression and activation of TGF-β signalling played crucial roles in autophagy-induced EMT and invasion of hepatocarcinoma cells.
Autophagy has been shown to promote invasion of cancer cells during starvation or hypoxia. 5, 6 We reported that autophagy accelerated invasion of hepatocarcinoma cells by inducing epithelial-mesenchymal transition (EMT), which changed the cell phenotype from epithelial into mesenchymal under starvation conditions. 7 Transforming growth factor (TGF)-β is a key cytokine that induces EMT in many types of epithelial cells. 8, 9 In our previous study, we showed that TGF-β1 expression and activation of TGF-β signalling played crucial roles in autophagy-induced EMT and invasion of hepatocarcinoma cells. 7 However, the mechanism underlying autophagic induction of TGF-β in EMT and invasion of hepatocarcinoma cells is unclear.
cAMP response element binding protein (CREB) is a phosphorylation-dependent transcription factor that is phosphorylated by multiple protein kinases and participates in different protein kinase signal transduction pathways. 10 Activation of the CREB signalling pathway and phosphorylation of CREB were shown to fulfill numerous cellular functions ranging from cell proliferation and the cell cycle to cell differentiation and cytokine production by binding of phosphorylated-CREB to the cAMP response element (CRE) in target genes and promoting their transcription. [11] [12] [13] [14] A CRE site has been identified in the TGF-β gene promoter, [15] [16] [17] , and 24 h were determined by quantitative RT-PCR. mRNA levels of PDE4A were normalized to that of β-actin. D, Representative Western blots and (E) densitometric analysis for PDE4A degradation kinetics normalized to β-actin in HepG2 (left panel) and BEL7402 cells (right panel) that were cultured in CM and in HBSS for 0, 6, 12, and 24 h. Cells that were cultured in CM at the initial time (0 h) served as the control. Data are representative of three independent experiments and are shown as the mean ± SEM, n = 3, *P < 0.05 vs control gene promoter, which contributes to tissue fibrosis or tumour progression. 15, 18 The cAMP/PKA cascade is a classical signalling transduction pathway that phosphorylates CREB and regulates target gene expression.
Binding of cAMP to regulatory subunits of PKA releases its catalytic subunits and phosphorylates downstream target molecules. This signalling pathway is regulated by adenylate cyclase and phosphodiesterase (PDE), which controls synthesis and hydrolysis of cAMP.
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Aberrant activation or inhibition of the cAMP/PKA/CREB pathway has been confirmed to result in cellular dysfunction and participates in tumour progression. 20, 21 Autophagy is a lysosome-dependent protein and organelle degradation mechanism that maintains the homoeostasis of the cellular metabolic pool. This process also modulates multiple cellular signalling pathways and physiological functions by degrading redundant proteins or enzymes under stress, such as starvation or hypoxia. 22 Thus, this study investigated the role of autophagy in PDE4 degradation and cAMP/PKA/CREB signalling modulation as a mechanism to induce TGF-β-triggered EMT and invasion of hepatocarcinoma cells under starvation.
| MATERIALS AND METHODS

| Cell culture and treatment
The human hepatocarcinoma cell line HepG2 was purchased from ATCC (Manassas, VA, USA 
| siRNA synthesis and transfection
Synthesis and transfection of siRNAs was performed as previously described. 7 Briefly, the cDNA sequences of the Atg3 and Atg7 genes were obtained from GenBank (NM_022488 and NM_006395), and the targeting sequences of three different siRNA were designed using an RNAi algorithm available online https://rnaidesigner.thermofisher. 
| cAMP assay
Intracellular cAMP concentrations of HepG2 and BEL7402 cells that were treated as described above were measured using a cAMP ELISA kit (Cayman Chemical, Ann Arbor, MI, USA). Briefly, TACTGTGT-3′. 23 Expression was normalized to that of β-actin.
| Western blotting
Western blotting was used to detect the protein expression levels of Fisher Scientific, Inc.) according to the manufacturer's protocol. Protein expression levels were normalized against total-CREB or β-actin.
Optical density of the bands was quantified using NIH (Bethesda, MD, USA) ImageJ.
| Immunofluorescence
Expression levels of TGF-β1 and epithelial-mesenchymal markers in the above HepG2 and BEL 7402 cells with different treatments were detected by immunofluorescence using an avidin-biotin peroxidase complex method. Briefly, cells were fixed in 4% paraformaldehyde and permeabilized using Triton-X-100. Cells were then treated in 3% hydrogen peroxide to inactivate endogenous peroxidase. Non-specific binding was blocked in PBS containing 10% species-appropriate normal serum for 1 hour at room temperature. The above primary antibodies for TGF-β1 (1:100), E-cadherin (1:200), Cytokeratin18
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| Invasion assay
The Cells that invaded the Matrigel to the bottom of filter were stained with 2 μg/mL DAPI in PBS and counted under a fluorescence microscope.
| Statistical analysis
All data are presented as the mean ± SEM. 
| cAMP/PKA/CREB signalling contributes to autophagy-induced TGF-β1 expression in hepatocarcinoma cells
p-CREB was reported to induce TGF-β1 expression by binding to the CRE site in the TGF-β1 gene promoter. 15 Since activation of cAMP/ PKA/CREB signalling was significantly promoted by autophagy (Figure 2) , and autophagy also induced TGF-β1 expression in hepatocarcinoma cells under starvation, 7 we further investigated the role of 
| cAMP/PKA/CREB signalling mediates autophagy-induced EMT and invasion of hepatocarcinoma cells
We previously found that autophagy promoted invasion of hepatocarcinoma cells through TGF-β-dependent EMT 7 and that cAMP/ Figure 4D ). Thus, cAMP/PKA/CREB signalling plays a crucial role in autophagy-induced EMT and invasion of hepatocarcinoma cells.
| Autophagy-induced EMT and invasion of hepatocarcinoma cells is dependent on autophagyinduced TGF-β1
Since cAMP/PKA/CREB signalling plays crucial roles both in autophagy-induced TGF-β1 expression and in autophagy-induced EMT, and TGF-β is a key cytokine that induces EMT in many types of epithelial cells, 8, 9 we further investigated the role of the autophagy- 
| DISCUSSION
Anti-angiogenesis therapy is a common strategy that promotes cancer cell apoptosis or necrosis through nutrient deprivation or hypoxia. 3, 4 However, exposure of cancer cells to starvation or hypoxia leads to cellular autophagy, which promotes cell survival by generating intracellular nutrients, growth factors and energy under stress. 24 Autophagy was shown to promote cancer cell invasion during starvation or hypoxia. 5, 6 Hence, elucidating how autophagy mediates invasion of cancer cells under stress would help improve the curative effects and reduce the side effects of anti-tumour therapy. We previously reported that autophagy promoted invasion of hepatocarcinoma cells by inducing TGF-β-dependent EMT. 7 In this study, we [26] [27] [28] In this study, we found that the expression levels of both PDE4A and P62 were significantly downregulated by autop- 
